INTRODUCTION
The physiopathological process of inflammation is a beneficial defensive mechanism of the animal s body to protect itself against foreign challenges, such as pathogens and physical aggression. However, the inflammatory response is a self-limiting mechanism that, if prolonged, can lead to the damage of endogenous tissue as well as the pathogenesis of many diseases, such as cancer, atherosclerosis, diabetes mellitus, obesity, arthritis, Parkinson s disease, as well as cardiovascular, neurodegenerative, and other fatal diseases 1 4 . Inflammation also results in immune regulation, genetic defects, and mechanism defects that result in tissue damage 5 . Tissues require counter-anti-inflammatory mechanisms, which are triggered upon completion of the defensive role of inflammation. This can be activated by the presence of anti-inflammatory compounds. Non-steroidal anti-inflammatory drugs NSAID s that are currently in use have residual side effects that contribute to numerous deaths each year. For example, aspirin can cause gastrointestinal bleeding, acetaminophen can cause liver damage, and the prostaglandin-endoperoxide synthase 2 COX-2 inhibitor drugs, Vioxx ® and Celebrex ® , can cause heart problems 6 8 . This has prompted the investigation of alternative anti-inflammatory compounds. Macro algae also known as seaweed have been identified as sustainable sources of bioactive compounds. They possess biochemicals for physical strengthening and immunological control that help them withstand abiotic stresses, which might result from strong tidal currents, variations in light intensity, and fluctuations in salinity and temperature. The following biochemicals have been extracted from seaweeds and are associated with the immune-regulation of NO production: fucoxanthin, astaxantin, alkaloids, sulfated polysaccharides especially fucoidans , and polyunsaturat-Malaysia has a vast coastal water body, which is inhabited by several seaweed species, and has great potential for seaweed cultivation. Currently, Malaysian seaweed is utilized for the production of carrageenan, but the presence of other beneficial bioactive compounds has not been thoroughly investigated. Therefore, the focus of this study was to investigate the ability of aqueous extracts of five brown seaweed species of Malaysian origin to inhibit nitric oxide NO synthesis in lipopolysaccharide LPS -induced macrophage RAW 264.7 cell lines.
EXPERIMENTAL

Extraction
Five fresh seaweed species, collected from the Straits of Malacca near Port Dickson, Malaysia, were collected in black polythene bags and transported to the laboratory in an ice box. Samples were washed with tap water 3 followed by distilled water 1 to remove salt and shrubs, and then dried at 50 in an air oven dryer for 24 h. Dried samples 30 g were ground into powder by using an electric blender and extracted using a ratio of 1:10 mass of sample:water volume at 100 for 1 h in a water bath. Extracts were filtered through filter paper, centrifuged at 3,000 rpm for 20 min, the supernatants were freeze-dried, and then stored at 20 until further use.
Determination of percent yield
The yield of the soluble mass extracted was determined with respect to the original mass of powdered seaweed. The percent yield was calculated using the following equation below:
Yield
Mass of freeze dried extract Mass of seaweed powedred 100 2.3 Chemical composition analysis 2.3.1 Total sugar Total sugar content was determined by the phenol sulfuric acid method, as described previously 10 , using glucose as a standard. Lyophilized extracts were hydrolyzed with HCl for 3 h. After cooling, the extracts were neutralized with sodium carbonate, centrifuged at 5,000 rpm for 15 min, and the supernatant was analyzed using a 5 phenol solution and concentrated sulfuric acid. The absorbance was measured at 490 nm and compared with the standard curve to determine the concentration of total sugar.
Ash
The ash content of sample was determined according to the gravimetric method as described previously 11 . Known weights of samples were incinerated at 590 for 12 h and then cooled in a desiccator. The ash content was calculated using the following formula: in the presence of pure oxygen. Liberated nitrogen was detected by a thermal detector, and the percentage of nitrogen N was converted to crude protein using a conversion factor of 6.25. The crude protein was calculated using the following formula:
Crude protein, N 6.25
Fat content
Fat content was determined using the gravimetric method. The initial moisture content of 5 g of each sample was determined using moisture balance Ohaus moisture analyzer . Approximate 3 g of dried samples were transferred into a dried, pre-weighed filter paper. The filter paper was folded into an envelope around the sample, placed in a thimble, and then placed in a Soxhlet apparatus. Oil was extracted with n-hexanes for 3 h. After the Soxhlet apparatus cooled, enveloped samples were removed from the thimble and then further cooled in a desiccator for 30 min. The weights of the defatted sample and filter paper were recorded and the fat content was calculated using the following formula:
A B A C 100
Where A, B and C represent the initial weight of sample and filter paper, final weight of defatted sample and filter paper, and weight of dried filter paper, respectively.
Uronic acid
The uronic acid content of the extracts was determined as previously described 12 using glucoronic acid as a standard. Sulfamate 20 μL reagent was added to 200 μL of solution containing 1 mg of freeze-dried extract. After proper mixing, 1.2 mL of sulfuric acid/sodium tetraborate solution 0.0125 M of tetraborate in concentrated sulfuric acid was added. The mixture was thoroughly vortexed, heated at 100 in a water bath for 20 min, and allowed to cool on ice for 10 min. After cooling in an ice bath, 40 μL of 3-phenylphenol 0.15 of m-hydroxyldiphenyl in 0.5 of NaOH was added. The mixtures were shaken and absorbance was measured within 5 min at 520 nm using a spectrophotometer.
Total sulfate content was determined using the method described by Dodgson and Lloyd 13 . Briefly, 0.5 mL of a 1 mg/mL of sample was diluted with 0.75 mL of deionized water and then hydrolyzed with 5 mL of 1 N HCl at 105 for 5 h. The solution was allowed to cool and 200 μL was mixed with 3.8 mL of 3 trichloroacetic acid and 1 mL of a barium chloride gelatin solution. The solution was allowed to stand at room temperature for 15 min, then 200 μL was then transferred into 96 micro-well plates, and absorbance was measured at 360 nm. K 2 SO 4 was used as a standard to determine the total sulfate content.
Monosaccharide composition
Samples approximately 8 mg were hydrolyzed by heating with 250 μL of 2 M trifluoroacetic acid TFA at 121 for 1 h. The samples were then reduced by the addition of 100 μL of 1 M ammonium hydroxide and 0.5 mL of 200 mg/mL of sodium borohydride in DMSO at 40 for 90 min, after which six drops of glacial acetic acid was added. Reduced samples were subjected to acetylation by adding 0.5 mL acetic anhydride and 1 mL methylene chloride. The derivatized sugars were quantified by an Agilent 7890 gas chromatograph Santa Clara, CA, USA with a flame ionization detector. An SP-2380 column 30 m 0.25 mm 0.2 μm; Supelco, Bellefonte, PA, USA was used for separation. The flow rate was kept constant at 0.8 mL/min and helium was used as the carrier gas. The injector, oven, and detector temperatures were set to 230 , 100 , and 250 , respectively.
Anti-in ammatory assay
This assay involves the following two stages: cell culturing and cell treatment.
Cell culturing
Murine macrophage cell lines RAW 264.7, which were obtained from ATCC, were incubated at 37 in an atmosphere of 5 CO 2 . Dulbecco s modified Eagle medium DMEM with 10 fetal bovine serum Life Technologies Inc, NY, USA and 1 penicillin or streptomycin were as added to the culture media at pH 7.4. All cells in their exponential growth phase were used for anti-inflammatory analyses.
Cell treatment
Cell culture 100 μl was plated into each well of a 96 well plate for 12 h such that the concentration was 1.0 10 5 cells/well. Then, 50 μl of DMEM containing extract was added into each well to make 200 μg, 100 μg, and 50 μg of extract/mL of culture medium . Mixtures were incubated at 37 for 2 h at 5 CO 2 . Cells were induced with 50 μL of DMEM containing LPS for a final LPS concentration of 1 μg/mL and incubated further for another 24 h. Fresh culture media was used as the blank.
Determination of NO
For nitrite analysis, 100 μL of supernatant from each culture well was mixed with 100 μL Greiss reagent 1 sulfanilamide in 2.5 phosphoric acid and 0.1 naphthylenediamine dihydrochloride in water . Absorbance was measured using an ELISA microplate reader Amersham Pharmacia Biotech, USA at 550 nm. The percentage of nitric oxide was calculated by comparing with the absorbance of culture medium without LPS 14 .
Cytotoxicity
Cell cytotoxicity was determined using a 50 solution of alama blue. A volume of 10 μL of alama blue solution was added to a 100-μL cell culture medium after being pretreated with various extracts and LPS as described earlier.
Plates were subjected to an excitation wavelength of 540 nm and an emission wavelength of 590 nm twice to measure the fluorescence of tested cultures over an interval of 4 h. The percentage of cytoplasmic activity was determined by comparing the fluorescence count with that of cell grown in non-treated culture medium.
Data analysis
The results were analyzed for significant differences using SPSS software for analysis of variance ANOVA and the means were separated using Duncan multiple range techniques.
RESULTS
Proximate composition of seaweed
The composition of seaweed after drying is presented in 
Yield and chemical composition of extracts
Yield is very important when considering commercialization or mass production. The yields vary significantly among the seaweeds investigated in this study. The percent yield ranged from 6.00 0.46 to 25.94 0.21 for P. australis and T. turbinate, respectively. The percent yields obtained from other brown seaweed species were 21.47 0.20 , 23.24 0.35 , and 24.30 0.15 for S. fulfallum, S. binderi, and S. duplicatum, respectively. Sulfated polysaccharides in brown seaweed have been proposed to have anti-inflammatory activity. Therefore, to investigate possibility of correlation with results, we evaluated the percentage of total sugar and uronic acid contents as well as sulfate ion composition of the water-soluble extracts from different seaweed samples.
The percentages of uronic acid, sugar, and sulfate ion composition Table 2 show that there is significant variation among the seaweed extracts. The percentages of sugar ranged from 7.11 to 21.43 for extracts of S. binderi and S. fulvellum, respectively. The percentages of uronic acid of extracts also varied significantly and ranged from 2.36 to 3.58 for S. binderi and P. australis, respectively. The percentages of sulfate ion content among extracts also varied significantly as the values ranged from 6.26 to 8.51 for P. australis and S. binderi, respectively. Extracts of S. binderi had the lowest value of total sugar and uronic acid but the highest value of sulfate ion. Extracts of S. fulvellum and T. turbinata contained similar total sugar content, while the latter had higher uronic acid content and sulfate ion content. Although P. australis extracts had the highest uronic acid content, the value was not significantly different from that of T. turbinate p 0.05 .
Monosaccharide composition
Monosaccharide compositions of aqueous extracts of the 5 species of brown seaweed investigated are shown in the Table 3 . Monosaccharide composition varied among the brown species in this study. Mannose was the predominant monosaccharide followed by fucose in all samples, with the exception of P. australis. However, the rhamnose and arabinose compositions of all extracts were low. The crude S. binderi extract had the lowest amount of xylose, fucose, and glucose, but, S. binderi had the highest mannose content. The crude extract of P. australis contained the highest rhamnose, fucose, xylose, and galactose content, but very low mannose content. The crude extract of S. duplicatum contained the highest glucose content followed by that of P. australis.
Previous studies also reported a high proportion of fucose in water-soluble extracts obtained from brown seaweed 23 . Brown seaweeds contain fucoidan, a sulfated polysaccharide with a high proportion of fucose sugar. Therefore, the extracts obtained in this work may possibly contain fucoidans.
Anti-in ammatory
The upregulation of NO occurs in culture medium whenever macrophages are cultured in presence of LPS. Pro-inflammatory modulator -NO-has been associated with regulation of neural, vascular and immune systems 24 .
Although, NO mediates with host defensive roles against anti-tumor and antimicrobial activity, high levels of NO can also cause damage to tissue as well as acute and chronic inflammation due to the stimulation of proteins and enzymes responsible for an inflammatory response 25 .
Based on our results Fig. 1 , all extracts were able to inhibit the secretion of NO in LPS-induced RAW 264.7 macrophage cell lines in a dose-dependent manner. There was variation in the inhibition of NO secretion. T. turbinata and P. australis extracts 200 μg/mL with similar uronic acid content exhibited the highest inhibition 75 of NO secretion compared to others extracts.
Cytotoxicity
The anti-inflammatory potential of compounds under investigation may be occluded if the compounds are toxic to macrophages because the reduction in cell populations during the assay can give rise to less NO, indicating that the compound is an active anti-inflammatory agent. Compound toxicity was investigated using alama blue. Alama blue contains resazurin IUPAC name, 7-hydroxy-10-oxidophenoxazin-10-ium-3-one as its active ingredient. It monitors the rate of reduction reaction in the environmentculture medium-of living cells. Alama blue is reduced from its blue fluorescence to resorufin, which has a pink-colored fluorescence. During cell metabolism, cytoplasmic activities, involving mitochondrial reductases, diaphorases, and flavin reductase, reduce alama blue 26 . Changes in fluorescence with alama blue in culture media corresponds to the viability of cells. As a requirement, an initial study must be performed to determine the earliest time frame for cell in- cubation to know when an appreciable change has occurred when using alama blue in the cytotoxicity assay. The cytoplasmic activity of cells with and without LPS dosed at 1 μg/mL was investigated over a time period of 8 h using a fluorescence technique with alama blue. Based on the results in Fig. 2 , significant metabolism can be observed after a period of 4 h, which was later adopted in subsequent cytotoxicity studies of extracts. These results also demonstrate that LPS was nontoxic to macrophages throughout the time frame studied. Figure 3 shows the effect of water-soluble extracts of seaweed on the percentage of cytoplasmic activity of the macrophage cell line. The results showed that most of the extracts were toxic to the RAW 264.7 macrophage cell line and T. turbinata, S. duplicatum, and S. fulvellum extracts inhibited cell metabolism approximately 68 metabolism compare to other extracts.
DISCUSSION
The integrity of the cell wall of seaweeds is different among species and interferes with the accessibility of water during extraction. Brown seaweeds contain structur- al polysaccharides and proteins that act as mechanical support and control the water flow in and out of the cell. Polysaccharides, such as alginate, can form a gel to resist the influx of water into the cell structure. Some cell polymer may even bind to biocompounds and decrease their solubility 27 , which would explain the observed variation in yield as well as chemical compositions of the watersoluble extracts obtained from the seaweed species. The inhibition of NO synthesis in LPS-induced RAW 264.7 macrophage cell lines by all extracts obtained from brown seaweed is in agreement with our results. Water-soluble extracts of Sargassum hemiphyllum also inhibited NO production in the LPS-induced RAW 264.7 macrophage cell line as well as iNOS 28 . Moreover, water-soluble extracts of Ecklonia cava inhibited more than 75 NO synthesis in the LPS-induced RAW 264.7 macrophage cell line 23 . The variation in anti-inflammatory activity among different extracts is most likely due to differences in their chemical compositions, especially anti-inflammatory compounds, such as fucoidan.
The biological activity of fucoidan present in brown seaweed is affected by several factors including species, extraction methods, chemical structures, and harvest seasons 29 . Based on the monosaccharide analysis, the high fucose content in the extracts may be due to the presence of fucoidans in brown seaweed. Fucoidan has been reported to possess anti-inflammatory activity 9 . The high fucose and uronic acid content and low mannose content in P. australis and T. turbinata explain the highest inhibition of NO exhibited by the extract, whereas S. binderi contained the lowest fucose content -meaning lower amounts of fucoidans, which may explain why it has lower NO inhibitory activity. This result is in agreement with a previous finding that reported inhibition of NO by 50 μg/mL and 100 μg/mL of fucoidan extracted from Fucus vesiculosus 30 .
Moreover, 125 μg/mL of fuocidan extracted from Laminaria japonica reduced NO secretion by 75 31 , similar to our result obtained using the LPS-induced macrophage cell line. In another report, purified sulfated polysaccharides extracted from Ecklonia cava inhibited NO secretion in RAW 264.7 cell line in a dose-dependent manner 23 .
Extracts obtained from S. duplicatum, S. binderi, and S. fulverllum containing low uronic acid content exhibited low anti-inflammatory activity compared to those of P. australis and T. turbinata extracts with high uronic acid content. Although, the S. duplicatum extract contained very high fucose, it contains low uronic acid and high mannose content, which may be the cause of its low antiinflammatory activity.
The toxicity effects exhibited by some of the extracts may be due to presence of laminarin or natural toxins. Laminarin sulfate K is a toxin that has 1.83 sulfate groups per glucose unit. Likewise, natural toxins in seaweed can be heavy metals in water that are potentially absorbed by the seaweed 32 . These toxins can be successfully removed using chromatography.
CONCLUSION
These results showed that brown seaweed of Malaysian origin have the potential to inhibit NO synthesis in the LPS-induced RAW 264.7 macrophage cell line. Future studies on the following are required: chemical analysis to determine the bioactive compound s ; novel methods of extraction, such as supercritical solvent extraction and enzyme aided extraction, which enable the subtle extraction of bioactive compounds; and the optimization of processing parameters, fractionation, purification, and characteristic studies.
